The role of the liver in directing fluid shifts in the body has never -been accurately defined. The effect of hepatic disease on the water balance of the body, however, has been appreciated for many years. In evidence of this is the fact that a patient with liver disease experiences greater delay in diuresis than does a normal person after drinking large amounts of water (1) . The suppression of urine that may accompany acute liver disease as well as the oliguria of cirrhosis are old clinical observations (1, 2, 3, 4, 5) . The phenomenon of water storage during acute hepatic disease was suggested by Jones and Eaton (6) who pointed out that the convalescent phase of acute hepatitis was frequently initiated by diuresis which they assumed was a result of the mobilization of previously stored water. Since reasonably reliable methods exist for the measurement of individual body fluid spaces and have been applied with success to the study of other infections (7) , it was thought that a systematic study of the distribution of body water during the course of acute infectious hepatitis would reveal the presence of water storage and would further serve to identify the individual fluid compartments participating. In addition; periodic measurements of separate fluid shifts during the course of the disease would give quantitative expression to the relative role played by each fluid compartment while operating under hepatic control.
In a previous communication (8) data from one typical case were presented. However, in observing the fluid alterations in a group of 14 patients with acute infectious hepatitis, the movements of body water in each case were found to follow a pattern of great similarity. It was, therefore, thought that a presentation of consolidated data from the entire study would serve to emphasize the uniformity of these phenomena.
The present study was concerned with 14 young adult males who were part of a large group of 'Dr. Hoagland died August 2, 1946. Navy personnel with acute infectious hepatitis observed at the Hospital of The Rockefeller Institute for Medical Research (9) . Each patient had been previously healthy and had developed hepatitis during active naval service. Only those cases in the early acute phase of hepatitis were included in the present study. Since water and electrolyte measurements were of primary interest, it was thought advisable to study only those patients who had been able to maintain a fluid intake approximating normal and in whom diarrhea, vomiting, severe fever, and dehydration were not complicating features of the acute phase of illness. The course of disease was comparable in each patient, being of moderate severity-and proceeding in each instance through uncomplicated convalescence to complete clinical healing (10) .
METHODS
On admission to the hospital, each patient was placed at bed rest in the Metabolic Ward where the entire study was conducted. The diagnosis of acute infectious hepatitis was readily established after a careful medical history and physical examination, and tests of liver function served to confirm the presence of acute liver disease in each instance. A urine examination done on admission and repeated frequently during the hospital course ruled out underlying renal disease in each case. Strict control of water balance was established by measurements of fluid intake and urine output and daily determinations of body weight. No patient received additional fluid by clysis. The entire group received a diet composed of 150 grams of protein, 50 grams of fat, and sufficient carbohydrate to maintain the daily food intake between 3,000 and 3,500 calories. The total daily salt intake including the calculated intrinsic food salt was kept constantly between 9 and 10 grams.
The initial measurements of plasma volume, blood volume, and "extravascular thiocyanate space" were begun under basal conditions on the day following admission to the hospital and repeated at least every 7 days, occasionally as often as every 4 days. The t Urine volume excreted during 4-hour period following ingestion of 1,500 ml. of water under basal conditions. minute specimen), and the thymol turbidity reaction of the serum. These measurements and tests were performed each week and correlated with the above described body fluid measurements (Table I and Figure 3 ). The total plasma protein and albumin and globulin fractions were determined by a salting out procedure in which micro-digestion and Nesslerization were used (17 (38) ].
The rate of fall in the individual fluid compartments with recovery may be seen by reference to the individual columns in Table I . The composite values for the thiocyanate space throughout the course of illness are graphically represented in Figure 1 . The rate of fall in this compartment was greatest during the first week of hospitalization and was usually detectable by a loss in body weight quite comparable to the amount of fluid lost by reduction in the size of this compartment. When mobilization of this fluid space occurred rapidly, a detectable diuresis appeared (Figure 3 ). Despite the demonstration of an expanded thiocyanate compartment in every case studied, edema and ascites were never clinically apparent.
The variable urine volume following ingested water during these periods was of particular interest., The water tolerance test previously described yielded progressively larger excretory volumes during the course of convalescence. The greatest increase in the output of urine following the 1,500 ml. drink of water occurred when the thiocyanate space was maximally contracting and was thought to indicate a decreasing tendency to retain water. The excretion patterns obtained at different periods of illness were quite distinct. An example of delayed urine output following the test dose of water given during the most acute phase of illness is illustrated in the slowly rising pattern of Figure 2A ( rEST DURING THE COURSE OF ACUTE INFECTIOUS stration of chloride retention in cirrhosis and liver lTIS atrophy (24, 25) , sodium retention in "catarrhal" jaundice (26) , and disturbance in the metabolism was a step-wise increase in urine volume of inorganic salts of the blood and tissue in various the 4-hour period of observation. Later in hepatic diseases (27) . In addition, it had been lescence larger amounts of urine were ex-shown that depressed plasma and urine chloride in the earlier time periods of the test and levels develop in animals following acute liver ift to the left" occurred in the pattern (23) . injury by arsphenamine (28) . otal urine volume of the test period likewise On admission, the majority of patients revealed .sed with convalescence. The peak of ex-low plasma chlorides varying from 90 to 98 meq. n during the recovery period was usually per liter. The urine chloride concentration and d in the second hour of the test. In many total 24-hour urine chloride excretion were simithese peaks were conspicuous ( Figure 2B , larly depressed at this early period. With recovery 3) and increased in size as the patient re-and mobilization of the expanded thiocyanate d. With the adjustment of the thiocyanate space, the plasma chlorides rose and increasing to base line convalescent levels, little tend-amounts of chloride appeared in the urine. This :o retain ingested water was noted as meas-rise could not be explained wholly by the chloride by the water tolerance test and almost the intake of the patient which was kept constantly bevolume of ingested water was excreted tween 9 and 10 grams daily, because it often octhe 4-hour period and often surpassed. -curred several days after the beginning of the ts of liver function applied during the ob-constant salt intake. More often these adjustions of fluid shift indicated progressive res-ments awaited the contraction of the thiocyanate )n of function. The extent of hepatic con-fluid compartment. In the presence of an inver the dynamics of this shifting fluid pattern creased thiocyanate compartment, as well as an )e appreciated from the fact that the largest increased plasma and blood volume, it was difficult nents in body fluid occurred during those to attribute the low urine volume, depressed urine Is of greatest improvement in hepatic func-chlorides, and tendency for water storage to simple nd were most apparent during the first two dehydration (29 The patient was given the diet and salt intake previously prescribed for this group and careful measurements of fluid intake and urine output were begun.
The patient was completely afebrile while in the hospital. Following the institution of bed rest and adequate nutrition, recovery proceeded without complication. The urine became lighter, increased color appeared in the stool, icterus diminished and disappeared. The liver and spleen receded in size, finally becoming impalpable.
The initial measurements of the body fluid compartments were undertaken the day following admission. The first 2 hospital days were marked by a fall in body weight amounting to 0.8 kilogram. Parallel with this, the thiocyanate space contracted from 237 ml. per kgm. of body weight to 223 ml. per kgm. of body weight. This represented a contraction of 14 ml. per kgm. of body weight or a total of 784 ml. which could quite accurately account for the drop in body weight described above if this fluid volume was simultaneously excreted. A slight decline in blood and plasma volume accompanied these changes. During convalescence there was marked improvement in the tests of liver function and the final value for the thiocyanate space was 215 ml. per kgm. after recovery was complete.
In spite of a fluid intake of 3,000 ml. to 4,000 ml. from the time of admission, the urine volume remained small. In addition, the plasma and urine chloride concentrations remained low. The water tolerance test, performed on the third hospital day, yielded only 503 ml. of urine following the ingestion of 1,500 ml. of tap water. By the 17th day of illness, when marked improvement in liver function was evident, there appeared an increase in urine output which approximated 85 per cent to 90 per cent of the fluid intake for any given day.
Although the salt intake had been maintained between 9 and 10 grams since admission, chlorides did not appear in the urine in increased amounts until this period of diuresis. On the 21st day of illness, 1,170 ml., or more than double the previous urine volume, was excreted during the water tolerance test. Subsequent tests showed slight increase over this value (Figure 2A ). For the remainder of the period of study the daily urine volume remained at normal levels. A weight gain appeared in the mid-period of recovery which was probably a result of improvement in nutrition and liver function. By the time of discharge from the hospital the gain in body weight had been held, liver function had been adequately restored, and recovery was considered complete. In addition, a 10-day leave period had been tolerated without difficulty. The minimal fluctuations in plasma protein concentration noted during the course of illness bore no constant relation to the alterations of body fluids described above. Throughout the period of hospitalization, dehydration, edema, and ascites had never become clinically evident.
DISCUSSION
The expanded thiocyanate compartments and the relatively poor water tolerance of patients during the acute phase of infectious hepatitis substantiate the concept of Jones and Eaton (6) that increased water storage occurs during this period of the disease. It was also their suggestion that the diuresis of convalescence resulted from improved hepatic efficiency, and that this resulted in a "shift of fluid from the tissues or serous cavities to the blood stream with the ultimate establishment of diuresis." In keeping with these suggestions, the shifts of body fluid, as demonstrated by the present study with methods that offer quantitation of individual fluid compartments, reveal shrinkage of the thiocyanate compartment dturing recovery with an accompanying rise in urine output. The tendency to retain water during acute hepatic in-sufficiency, as expressed by the water tolerance test, has been noted to occur in infectious hepatitis (23) as well as in acute liver injury produced by chemical substances (28, 30) . In the partially hepatectomized dog, hydrothorax may develop within a few days of operation, often of sufficient amount to drown the animal (31) . Ascites may also appear despite the presence of an Eck fistula. In addition, total extirpation of the liver in frogs has been shown to result in tremendous edema (32) and decreased water tolerance (33) . The oliguria and anuria of yellow fever are reported to be most severe in those cases in which there is a correspondingly great amount of hepatic necrosis (34) . It has been suggested that the increased retention of water resulting in hyperhydration of the body because of damage to organs such as the liver might serve a useful purpose in diluting and overcoming the harmful effects of too great a concentration of injurious substances formed during infection (35) . Similar water retention phenomena have been produced by dietary liver injury as demonstrated by the experiment in which rats kept on a high fat diet when dehydrated retained more from a given quantity of water than did normally fed animals under the same conditions (36) .
The expansion of the thiocyanate space during the acute phase of hepatitis, together with the enlarged plasma volume, signifies a general distension of all the extravascular spaces. The minimal change in the venous hematocrit noted throughout the course of hepatitis, despite the increased plasma volume, must indicate a symmetrical enlargement of the total red cell volume. However, the slight reticulocytosis during this period of the disease could not account for the increase in the red blood cell volume on the basis of the formation of new red cells, although extramedullary hematopoiesis has been reported in fatal cases of acute liver disease (37) . A partial explanation may reside in the fact that the acutely inflamed liver fails to store blood efficiently with the result that more blood remains in the general circulation (38, 39) . During the acute stage of hepatitis, wide-spread edema and necrosis occupy much of the liver substance (40, 41) which, under these circumstances, probably contains relatively less blood. In addition, sinusoidal congestion is more evident during the healing phase of hepatis. Although there is no information available relating to the hepatic blood flow and total blood contained within the liver during acute infectious hepatitis, it is not unreasonable to consider that acute inflammatory disease of the liver might shunt large amounts of blood to the general circulation. Simple hypervolemia has been reported in cirrhosis of the liver (42, 43) .
A partial explanation for the maintenance of the hematocrit in the face of an expanded plasma volume might be found in the slight macrocytosis of acute hepatitis. Variations in the Mean Corpuscular Volume of from 95 cu. ,u to 120 cu. Ft and in the Mean Corpuscular Hemoglobin Concentration of from 28 per cent to 35 per cent, have been encountered in hepatitis (44, 45) , suggesting that the red cells may be swollen during the acute phase of jaundice but gradually return to normal size with recovery of the patient.
The results of the investigations cited above have served to indicate in outline the conditions under which water retention may occur in the presence of diminished liver function, and have pointed out the possible factors believed to be responsible for the expansion of the plasma and blood volumes during acute hepatitis. There remain to be defined the forces underlying this shifting fluid pattern.
The exact role of the kidney in relation to these movements of fluid in liver disease has never been established. While the "hepato-renal" syndrome clinically suggests that disastrous disturbances in water balance may occur under combined hepatic and renal control, biochemical and metabolic studies of this state have failed to disclose what fundamental mechanisms are aberrant (46, 47) .
The fluid content of the tissues has been considered to be under hepatic control by virtue of metabolic (48) and hormonal regulation (49, 50, 51) . Relevant to this concept are the unconfirmed data indicating that the acute phase of hepatitis is accompanied by an increase in the urinary excretion of biologically active estrogen (52) . The water-storing influence of active estrogen is well recognized and is commonly encountered in the premenstrual state when there may occur edema, swelling of the breasts, and a gain in body weight (53) .
A recent report (54) indicated that the urine of patients with cirrhosis and ascites, when injected into hydrated rats, delayed the excretion of urine.
When the urine of cirrhotic patients in whom ascites had been controlled was injected, it was found to have antidiuretic activity greater than normal urine but less than urine from ascitic patients. In 6 patients with cirrhosis, re-accumulation of ascitic fluid ceased with dietary therapy and intravenous liver extract before demonstrable increase in the plasma albumin levels. This experience has been confirmed (55) 2. During the acute phase of hepatitis, the thiocyanate compartment and blood and plasma volumes were found to be expanded. Depressed plasma and urinary chlorides as well as an increased tendency to retain ingested water accompanied these changes.
3. With convalescence and improving liver function, shrinkage of the thiocyanate compartment and a decrease in the total blood and plasma volumes occurred. A diuresis and decreased tendency to retain ingested water were noted at this time and a rise in plasma and urinary chloride levels followed.
4. The slight alterations in total circulating protein were thought to be attributable to nutritional factors and to decreased protein synthesis during hepatitis and were not considered to be of major importance in determining these fluid shifts.
5. It is suggested that these movements in body fluids during acute infectious hepatitis may be directed by endocrine factors and related to incomplete inactivation of the antidiuretic principle by a damaged liver.2 2 Recent studies by Shorr, Zweifach and Furchgott (Science, 1945, 102, 489) have indicated that a vasodepressor substance of hepatic origin (VDM) is associated with the opening up of the capillary bed during the decompensatory stage of experimental shock. More recently, in studies with Furth and Sobol, they have also been able to detect VDM in the blood of mice with granulosa cell tumors, concurrent with the development of hypervolemia in these animals (Science, 1947, 105, 41) . VDM was also shown by them to appear in the blood of human beings with liver cirrhosis during periods of hepatic decompensation and in the blood and liver wash of rats with experimental hepatic cirrhosis. Finally. a
